TEST FACILITIES for LC

K.KUBO (KEK)

Major facilities:
DESY::
TTF (TESLA Test Facility)
SLAC:
FFTB (Final Focus Test Beam)
ASSET (Accelerator Structure SETup)
NLCTA (NLC Test Accelerator)
(SLC)
KEK:
ATF (Accelerator Test Facility)
CERN:
CTF (CLIC Test Facility)

This is not an overall review.
Concentrate on a few subjects for each lab.
CTF is not covered.

Hans Weise (DESY), Tor Raubenheimer (SLAC) and Hitoshi
Hayano (KEK) helped preparation.

Page 2~9: from web pages of Snowmass meeting WGM3:
http://www-project.slac.stanford.edu/lc/wkshp/
snowmass2001/m3/Talks/ Lutz-_7-03.pdf and Hans-_7-03.pdf



TESLA Test Facility (TTF)

———= Cavity Tesling (RF System/ tie P’lant)

—— TTF Linac and Free Electron Laser Re—
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TESLA Test Facility Linac
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Challenges for TESLA cavities

— Accelerating gradient — What material quality
« For 500 GeV center-of-mass is really needed?

—_ = = 11070 .
i Eace = 23 MV/ ";@th 0(; (1;0v — What is the best
or energy upgrade 1o © manufacturing

~E_ =35MVIm@ Q, = 510° .
aee eQ technique ?

— Pulsed operation
- Frequency detuning due to — How to prepare the
best surface for RF

Lorentz force requires additional g
RF power superconductivity?

— How to compensate the
Lorentz-force
detuning?
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Pulsed acceleration at TESLA
Superconducting cavities al Pulsed operation to reduce Qo >10"°
high gradients —  average cryogenic losses )| cannet
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TTF Operation

* acceleration of 800 ps long pulse trains
e full beam loading

* gradients up to 23 MV/m with beam _,
e approx. 9000 hours of operation 282

* FEL operation
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~ detuning [Hz]

Frequency detuning

during RF pulse

------ 15 MV/m
=== 20 MV/m
o =25 MV/m
== 30 MV/m

Lutz Liljle DESY
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Frequency detuning due
Loreniz forces of the
electromagnetic field in
the cavites:
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Remember:

Cavity bandwidth with
main coupler is = 300 Hz

Need move inpdd RF powon
' wot cwtau'hol.

03.07.2001



Piezoelectric tuner

M. Liepe, S. Simrock, W.D.-Moelier

o - Piezo-Actuator:
Y I=39mm

U,,,o=150V

A 1=3pm at 2K
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detuning [Hz]

Frequency stabilisation during RF pulse

using a piezoelectric tuner
M. Liepe, S. Simrock, W.D.-Moeiler
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TTF operation demonstrated:

High accelerating gradient comparable to TESLA-500 design.
The first module operated with beam at 21-22 MeV/m.
The second one (assembled earlier) about 19 MeV/m
(limited by mput coupler, new couplers are improved)

Stable operation for a long time. (~10,000 hours)

Production and acceleration of long bunch train.
With full beam loading.
Small bunch-to-bunch energy difference (with RF control).

Detuning compensation using piezo.
(Reduce overhead RF power. Needed for TESLA-800.)



Schedule for the next months
~April 2002: Operation of the present setup.

The last six weeks: full beam loading at 21 MV/m (max.
gradient module ACC1).

May 2002:
Install the superstructure at position ACC1. (2xcell cav. finpet conpler)
Replace ACC2 by another module with 25 MV/m cavities.

October 2002:
Start installation of TTF2 (elongation of the present setup).
Install modules ACC3 to ACC6 until beginning of 2003.
The test of those modules could start in spring 2003.
Expect to get 25~30 MV/m for modules ACC3~ACCS.
ACC6: electropolished cavities, higher gradients.



TESLA 2 x 9 Superstructure

J. Sekutowicz, M. Liepe et al.
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FFTB (Final Focus Test Beam)

200 m Final Focus prototype. E=46 GeV.

Demonstrate optics and tuning of FF (e.g. 3rd-order chromatic
correction).

Achieved beam size 0,~60 nm. (¢, ~ €y LCXdesign % 500)

Development of diagnostics:

Beam position measurement ~25 nm

Magnet(1/4 ton) movers ~300 nm

Beam based alignment ~microns

Stabilization of conponent ~ nms

Beam size nms by laser interferometer monitor.
Beam-beam interaction, non-linear QED (e-laser co]h‘lon)
Now used to study machine protection system, etc.



ASSET(Accelerator Structure SETup) :

Wakefield measurment

Good agreement with calculations — We cn trust calc. — we can desiyn. OS.

Demonstratlon of wakefheld suppression by “detuned structure”
(Lu'd -detuned )

NLCTA (NLC Test Accelerator):

-development of SLED-II pulse compression

-development of X-band 50 MW XL-4 klystrons (over 10 of them

operating)

-demonstration of beam loading compensation

-presently used as rf structure test facility to address gradient

limitations.

"-Puck’  demenstredinn of (mew) RF O’S*CM of X-band LC.
1st sfer * Fall 2003
Sull ts : 'n 2003



Accelerator Test Facility for (JLC (ot kEk)

Beam Diagnostics
water cooling & Aw condinen facility

Wire scannet beam size monitor

double kicker exiraction
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ATEF. Single Bunch Parameters

' ATF | ATF | (J/N)LC |
Achieved | Design | Design |
Energy (GeV) 1.3 1.54 1.98
No. of paticles/bunch | 1.0x10!° | 2.O><1019 0.75x10'° |
Horizontal Emittance |  2.8* 3.0 3.0 |
YE, (x107® m-rad) 5.1%*
Vertical Emittance <2.8% | 3.0 3.0
¥, (x107% m-rad) S5%* |

*single bunch, low intensity, **single bunch high intensity
Intensity dependence is consistent with calculation of intrabeam
scattering. |
Willers OFF = liny donfivg Hime - weed totest with wiles o
('.w "r. r‘*‘)



Emittances vs. Intensity

€ : Extracted beam, measured by wire scanners,
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Bunch population

2510° —
T 2107
T L
g i =
8 -9[ /_,——‘ onr
g 1.5 10 i . j/— :;E*],‘_: 1 i ]
g L O 2001/2/8 ]
= 110° 0 2g01/6/12ttan rati
= I ——calc. e ce ra
g - - calc egllittance ratlgi &}g
E N e calc. emittance ratio=0.008
£ 510 |
0 . I ‘ l ' ' I . ‘ I I ‘ ’ l 4
0 210° 410° 610° 8 10° 110"
Bunch Population
DinDR and Ext.
3510 ] © SR monior 2001/3/9
r | 1 Laser wire 2000/12/5
L B [Laser wire 2000/12/14
3107 | ~ Wire scanner 2001/2/8 1
- L| & Wire scanner 2001/6/12 ]
= 11 | — calc. emittance ratio=0.004 ]
T 25107 | - - - calc. emittance ratio=0.006 ]
g S calc. emittance ratio=0.008] | 4 | ]
g 210" T T T, S e
= § o N ]
Eisi0mt ol q ' -
[ . i . o i | - |
37 0 P L e YEp2 3210
& r EAS -0y =]
E R S ey e e S - "".'.d.'
5107 e 1 |
0 9 ' 9 ' 9 P — o
0 210 410 610 810 110

S’m\' ey -> Hk POH':JQ dens:{-, —’:{'nn’, 1B8S.
€y measurement shoubl be u‘n\»wd.



Energy Spread vs. N
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Vertical Emittance [nrad-m]

Normalized beam emittance in
Linear Colliders
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( Expanded view of laser wire region)

Laser wire system

Bending Magnet

electron

Optical cavity
electron

vSmm Pb collimator

\
Movable table

ATF damping ring

H.Selka,

| 1.28 GeV linaérr .
Selid wires obfny beam ¢ Can not bg used ' Ring

A thin horizontal ‘wire’ of light is created in an optical
cavity, which consists of two mirrors.

When the electron beam hits the wire, gamma rays are
produced as Compton scattering.

A scintillation detector detects gammatays.
The whole optical system is placed on a vertically movable
table.

The position is measured with a resolution better than 1um.

The vertical beam size is measured in a manner similar to
conventional wire scanners.
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Multibunch signal detection
by Avalanche Photo-Diode(APD)

APD signal for beam on wire In W‘tﬂ k\ﬁ .
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Multibunch verticed - [mrf:le.

5 wire scanners
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Multibunch Y profiles by wire scanner

MWOX Y profiles
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Emirttance of each bunch

( ryg\". ™i ATy )
Mulri-bunch X eminance (3/2/2001)
total intensity = 5e10 (18 bunch)

2.010”° ,
°
-_ ! [ PY
i 1.810° 1 o ° & . .
5 o0 ¢ ¢ ° é
« [ ] [
> ¢ e ¥t =3xM0
i 1.010”° | . M=
2
s
[ "]
” 50107 1
0.0 10°
0 4 16 1% 20
Banch aumber
Multi-bunch Y emistance (6/15/2081)
total intensity = 5¢10 (17 bunch)
010" , , z
-1t .
? 4.010 .
g Py ‘ ® ¢
)| 11 ¢ ¢ o :
3 . e
E 2010 ¢ .
: “ ~8
-
” o1 ! 't' =23x0
wered
0.0 10° ' - 3
0 s 10 15 20
Bunch number

EXT wire scanner
rotal SE 10 electrons



ATF. Status

Single bunch low emittance
Low emittance achieved at low intensity
Intensity dependence from intrabeam scattering
(consistent with calculation)—= 5. still need wove dota.
Multibunch (and beiny)
Instrumentations have been developed
Emittance, intensity, stability, still need to work



ATF. Present and Near Future Plan

Single bunch low emittance
Beam Based Alignment — lower vevtica emittance

Improve Laser Wire monitor, SR monitor . - ----

Multibunch e sy
Instrumentation (BPM, Detectors for wire scanners)
Kicker (flat field) (sekd wive , laser wive)

Other R&D

Photo Cathode — RF Gun (Operation re-start in 2002 summer)
X-ray SR monitor (Beam test start Jan. or Feb. 2002)
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